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In general, the induction motor (IM) is extremely nonlinear in nature and 
frequency dependent. In most cases, the power generated by the IM has a 
low power factor (PF), which exhibits detrimental effect on the extent to 
which the whole transmission and distribution system functions. Since there 
exists more current harmonics as an outcome of minimized PF, the 
efficiency of the power system suffers due to transmission line heating and 
voltage distortion characteristics. Therefore, this paper proposes a power 
factor correction (PFC) method to overcome the aforementioned issues. 
Here, by the utilization of AC-DC bridgeless SEPIC-Cuk converter, the 
power quality is improved by reducing reactive power consumption and 
enabling better control of voltage and current outputs. To maintain the stable 
DC link voltage with reduced ripples, the adaptive proportional-integral (PD) 
controller is used in this work. The three-phase voltage source inverter (VSD) 
transitioning function is controlled by cascaded fuzzy logic (CFL) controller, 
which is also utilized for regulating the speed of the three-phase IM. 
Implementing the proposed control strategy improves power quality 
significantly by reducing total harmonic distortion (THD). The proposed 
system is simulated in the MATLAB platform and the attained outcomes, it 
is clear that the proposed system is highly effective. 
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1. INTRODUCTION 


In the industrial sector, induction motors are used in numerous applications due to their 
characteristics like reduced maintenance, easy operation and robustness. During the operation of induction 
motor, some harmonic contents are produced which in turn affects the overall system function and this issue 
is rectified by power factor correction (PFC) method [1]—[4]. Considering the severe PFC requirements for 
power electronic devices, significant progress has been achieved in the creation of effective PFC converters. 
Power supply with active power factor correction techniques are required by harmonic rules and standards 
for electronic equipment [5]. PFC rectifiers are used in a variety of industrial, communications and 
biomedical applications. Due to their excellent efficiency, bridgeless converter topologies for PFC have 
grown in significance during the past ten years. In these arrangements, the front-end diode bridge rectifier is 
not present, which lowers the associated conduction losses [6]-[9]. 
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A full bridge generator using active power factor techniques cannot deliver a significant voltage 
gain due to the simultaneous operation of three semiconductors switches. Considerable analysis has been 
carried out developing effective bridgeless PFC circuit topologies in response to these issues [10]. Current in 
bridgeless PFC circuits passes through the lowest number of switches when contrasted with traditional PFC 
circuitry. Due to their inexpensive price, uncomplicated circuit and superior functionality in regards to 
effectiveness and power factor, boost-type circuit configurations are currently used at the front end of the 
majority of PFC topology [11], [12]. But for applications requiring a wide range of input voltages, the boost 
converter has poorer efficacy and higher overall harmonic distortion. Numerous researchers have presented 
PFC topologies based on Cuk [13], SEPIC [14], and buck-boost converters [15], [16]. But the output of these 
topologies is inverted with high current ripples and high voltage stress. Therefore, a new AC-DC bridgeless 
SEPIC-Cuk converter is implemented here, which has more benefits including non-inverted output, enhanced 
efficacy at low input voltage, minimized switch voltage stress and minimized ripples with enhanced PF. 

The effectiveness of bridgeless rectifier circuit is enhanced by proportional-integral (PI) controller 
which is frequently employed in electrical converters due to its reliability under a variety of operational 
conditions and simplicity in deployment [17]. Sivaramkrishnan et al. [18] have presented the PI controller 
operated with the converter, which is utilized to preserve the DC link voltage constant. To drive the SEPIC 
converter, Mohanta ef al. [19] has proposed a better PI controller. However, established PI control gain 
values display instability, substantial error and delayed dynamic features under a wide range of functioning 
conditions. Although the fuzzy controller comprises a mathematically complicated architecture, it delivers 
good dynamical stability with improved capacity to govern linear and non-linear systems. As an outcome, an 
adaptive PI controller that addresses the drawbacks of both standard and fuzzy controllers has been 
developed for PFC rectifier regulation in the present research. Several methods have been proposed to 
regulate the speed of induction motors (IMs), such as PI controller [20] and fuzzy controller [21]. IM speed is 
controlled by changing the input current. Additionally, there is a necessity for speed control techniques 
because of issues with voltage source inverter (VSI) dynamics and transitioning effectiveness. To overcome 
the above issues, the cascaded fuzzy logic controller (FLC) is utilized in this work for efficient speed 
regulation of three-phase IMs. 

As a result, an AC-DC bridgeless SEPIC-Cuk converter is developed in this process that provides 
enhanced power quality (PQ) with unity PF. An adaptive controller with PI controls the operation of the 
proposed converter. The speed of three-phase IM is regulated by the deployment of cascaded fuzzy logic 
(CFL) controller. The recommended system is implemented utilizing MATLAB platform to prove its 
effectiveness. The attained outcomes show that the presented method has high efficiency with minimized 
total harmonic distortion (THD). 


2. PROPOSED SYSTEM 

Figure | depicts a schematic depiction of the proposed technique, which includes an adaptive PI 
controller, an AC-DC bridgeless SEPIC-Cuk converter, and a CFL controller. The suggested converter 
produces an output voltage with the least number of ripples providing improved power factor correction. The 
inputs for the adaptive PI controller are the actual and reference voltage, while the optimal output generated 
is given to the pulse width modulation (PWM) generator, resulting in the gating pulses for converter. The 
necessary signals are created and delivered to the converters using a PWM generator and real and reference 
current. This remarkably aids to keep input and output current in-phase with each other. Additionally, since 
the fluctuation of the load significantly affects the speed of motor operation, the better output of the converter 
is transferred to three-phase IM using the three-phase VSI. The motor's functioning is subsequently disrupted 
when the load appears, which is corrected by employing a CFL controller through contrasting the 
Nact and N;er. This controller's output eventually provides through a PWM generator, which generates 
sufficient pulses for an inverter, and improved output is effectively transmitted to the motor. 


-AC-DC BRIDGELESS 
SEPIC-CUK 


Voctref) re; ~CASCADED 
. FUZZY LOGIC 
ONTROLLER 


Voc (act) Tract Nace 
Figure 1. Proposed system 
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3. MODELLING OF PROPOSED SYSTEM 
3.1. Bridgeless AC-DC SEPIC-Cuk converter 

Figure 2 depicts the setup of a bridgeless (BL) non-isolated SEPIC-Cuk converter for three-phase 
IMs. The BL isolated converter operates in continuous state to enable unity power factor functioning at 
specified constant levels across varied supply voltages. This design is achieved by combining separated Cuk 
and SEPIC converters that operate in two different half phases. The switch S,, inductors L;, L3 capacitance 
C, and diode D, supports the SEPIC converter regulate the current on the positive half phase. Subsequently, 
the switch Sz and inductor Lz, capacitance Cz and diode Dg regulate the current negative half phase during 
Cuk converter operating mode. 


Figure 2. Proposed non-isolated BL SEPIC-Cuk converter 


3.1.1. Modes of operation 

At the end of each transitioning phase, the architecture of this converter allows for the electrical 
current through the inductors L,, L,,and Lz to remain discontinuous. Three separate ways of working along 
with the key functioning of the suggested non-isolated converter are given in the SEPIC and Cuk phases 
during two different half phases correspondingly. 

- Stage 1 [t, — ty] 

During this state of operation, the switch S, gets turned on. If the electrical power of the source is 
preserved, the current passing through the input inductors L, and Lzsteadily rises. The amount of voltage 
that passes through the power transferring capacitor C, is shown in Figure 3(a). During this time, the diode 
D, fails to operate. 

- Stage 2 [ty — ty] 

This state starts when switch S; gets turned off at momentt, as shown in Figure 3(b). The operation 
is initiated by D,, the diode output. The stored energy gets released across the capacitor C, to the diode Dz, 
and the current from the inductor lowers at the same slope observed in stage-1. 

- Stage 3 [t2 — t3] 

Switches S, and Sz remain turned off at this moment. The current Lz is lowered because diode 
current travels through Co to the load. Figure 3(c) shows the required current passing over capacitor C,; and 
the energy discharged through Cy output capacitor when D, is turned on. 

- Stage 4 [t; —t,] 

In this mode of operation switch Sz is turned on. The electrical power of the supply is maintained, 
the amount of electricity passing via the input inductances L, constantly rises. As shown in Figure 3(d), the 
output current in the inductor Lo increases. 

- Stage 6 [t, — ts] 

Both switches are turned off in this stage of operation. As the power of the electrical source 
is retained, the amount of current flowing via the input inductances Lz steadily increases. As seen in 
Figure 3(e), the voltage that flows over the energy transfer capacitor C, decreases. At this point, the diode D, 
ends operating and stops conducting. 

- Phase 6 [ts — t¢] 

As the electrical power of the source is maintained, the quantity of electricity passing via the input 
inductor Lz constantly rises. The off condition of the switches continues in this case also. As shown in 
Figure 3(f), current in the inductor Lg increases. The integration of an adaptive PI controller considerably 
improves its adaptability properties of the suggested converter. 
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(a) (b) 


(c) (d) 


(e) 
Figure 3. Modes of operations 3: (a) mode 1, (b) mode 2, (c) mode 3, (d) mode 4, (e) mode 5, and (f) mode 6 


3.2. Adaptive PI controller 

By contrasting reference voltage V5- with an actual DC voltage, which is the result of a bridgeless 
SEPIC-Cuk converter, an adaptive PI controller establishes reference current. By taking into consideration 
the following equation: 

y= F(x) +G(x).u (1) 
The selected control input is: 

u = G(x)*[-F(x) + v] (2) 

here= y, — Kpe — K, i edt, and y, =V5¢ 


When employed in a closed-loop regulation equation, the set-point V5; denotes the reference DC voltage and 
is stated as (3). 


u=G(x)" [=F + y,—Kpe— R;, i edt| (3) 
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Where Kp and K; are the adaptive PI controller's proportional and integral gains, respectively. K, = K, — K; 
and Kp = Kp — Kp are calculation errors of the control variables. By substituting (3) in (1), the resultant 
equation is (4). 


y= (4) 
The DC link voltage of error dynamic is represented by (5). 


e=y-y, (3) 
Differentiating in (5) gives the following solution: 

é=y -% (6) 
from (4) and (6), it is clear that: 

é=v-y, (7) 


the expression that results from changing the value of v in the previously mentioned equation is 
é= —Rpe— R, fv edt (8) 


the suggested adaptive PI controller performs better than the classic PI controller and effectively minimizes 
the steady state error. 


3.3. Cascaded fuzzy logic controller 

The implementation of an appropriate controller, such as a CFLC, enables the necessary correction 
for errors and governs the speed of the IMs motor. Cascaded control is used to assure entire system control 
and can help with faster reaction times to interruptions. Fuzzy cascade mechanisms were devised and 
employed for this work because fuzzy sets are excellent at dealing with issues of non-linearity and 
uncertainty in a system. 

The two FLCs are linked in sequence to provide the cascaded control method that has been 
suggested. The second FLC is driven by reference control signal from the first FLC to produce the 
appropriate duty cycle AD command that regulates the converter's switching pulses. The main aim of the 
subsequent FLC is to reduce distortions that are harmful for IMs. Figure 4 depicts the CFLC architecture. 
The converter's voltage output V, is contrasted with the reference voltage V,.¢ to determine the error E. The 
CFLC receives the error E as well as the change in error E as input. The following are the main elements that 
make up the FLC: 

- Fuzzifier: A fuzzifier’s primary objective is to change the inputs and provide data to the fuzzy inference. 
Following the definition of the membership functions, the fuzzy subsets {PB, PM, PS, Z, NS, NM,and NB} 
are constructed. 

- Rule base: The rule basis is developed utilizing information regarding IM motor speed functioning, and it 
is adjusted in accordance with the findings of the tests. Fuzzy linguistic variables are frequently used for 
expressing the rule base. The k-th language control rule for the intended 7 x 7 rule base is provided as: 


R*: IFE,isA,andAE,,isB,THENU;, = Cy (9) 


there, the control variable value is given as C;, the change in error is shown as AE;, the output is 
considering as U,, the error is given as E;,, and k — th rule (k = 1,2,....,m) is given as R*. Change of 
error and error are given the linguistic values A, and B,, accordingly. 

- Interface engine: The inference engine calculates each rule's weighting factor wx utilising Mamdani's 
MIN fuzzy implications of the membership degrees _1,,(E) and [Up, (AE). 


W, = min{uax(E), Mex (AE)} (10) 
The process of making decisions based on a rule base is handled by the inference engine. 


The membership functions of F and AE are zero (ZO), positive medium (PM) and negative medium 
(NM), negative small (NS), positive small (PS), negative big (NB), positive big (PB), which are essential to 
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the system's overall performance. Along with the CFLC rule base, the triangle membership functions of the 
inputs AEF and E are also shown in Figure 5(a) and the proposed CFLC rule base is indicated in Figure 5(b). 


_ KNOWLEDGE BASE 
DATA BASE 


KNOWLEDGEBASE 


< DATABASE 


INFERENCE ENGINE 


*aneenuneseeneennnnaconnnncennaconnnnccunnncennnasaad Vonennnenseenecenonaceennoneengooegonaaconnnatenaannns 4 


Figure 4. Architecture of CFLC 


NB NM NS ZE PS PM PB 


1 NB NM NS ZE PS PM PB 
PS PM | PS Z NS | NM | NB | NB 
PM PS Z NS | NM | NB | NB | NB 
0 PB Z NS | NM | NB | NB | NB | NB 
-1 0 1 
(a) (b) 


Figure 5. Illustration of CFLC controller (a) triangle membership functions of F' and AE and (b) rule base 


3.4. Modelling of induction motor 

A number of parameters are given below as a basis for the computation of IM in a natural abc 
reference. The electrical balancing calculation for a stator phase of an IM is shown as the following in the 
abc reference frame: 


. , ap 
Us, = ti, + (11) 
Because the stator phase's flux-linkage depends on the rotor's (i,,ig,i¢) and stator's (ig, i,,i,)) currents as 
well as the angle between the appropriate axes, the flux-linkage derivative in (1) is (12). 
da _ OVA dia, Wa dip 5 Wa dic 5 OA dia , Aa din, Wa dic 4 Aba dd_ (12) 


dt dig” dt dip’ dt dic ° dt dig ° dt dip ° dt dic dt a9 ° at 


The dynamic inductances are partial derivatives with regard to currents in (2). A self-inductance of a 
stator A-phase L,,, mutual inductances between the stator and rotor Lyg, La, and mutual inductances 
between stator phases Lap and Lac and Ly-, respectively, are all static inductances that ignore nonlinearities 
in the magnetic path of an IM. The item: 

Owa dd _ Awa 


ao dt av Zpw (13) 


A stator's A-phase Ly, self-inductance comprises elements from both the coupling and leakage magnetic 
flux. Considering the inductance of a single phase L,,,, and inductance of primary magnetic flux for a stator 
phase L,,. 
Ln = 2Lms (14) 
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A comparable ratio for the leaking inductance L,.: 

2 

Laa = 3 (Lim + Les) (15) 
where L,, and L,, are the components of an IM's conventional comparable circuit. Given the identical 
machine and symmetrical power supply, it is clear that an IM can be expressed as an equivalent circuit. When 
modelling an IM, it is useful to use the analogous circuit's parameters, and the method to accomplish so is 
simple. According to the presumption of their symmetry, the formula that follows is used to determine the 
mutual inductance between stator windings: 


2 1 
Lap = Lac = Lag cos = _ —3 Um + Les) (16) 


The mutual inductance L,, among the rotor and stator is being computed for 9 = 0 whereas the 
mutual inductances L,,,L,4, and L,, between the stator and rotor are variables of the angle. 


Laa = = Ln Cosd 
Lap = = Lin cos (9 + =) 
2 2 
Lac = Lm cos (9 — =) (17) 


Here, the turn ratio of stator winding with rotor winding is represented by K = N,./N,. N,N, is no. of rotor 
and stator windings. 
The expression for a stator winding, often known as a rotor phase, is comparable to (11): 


: dWa 
Ug = Taig + © (18) 


dpa 
dt 
of a rotor phase, mutual inductances Lay, Lge across rotor windings, and mutual inductances Lag, Lay, and 


Lac between rotor and stator. Similar to (15), the turn ratio k is utilized to calculate self-inductance of a rotor 
phase. 


here the expression for the flux-linkage derivative is similar to (12) and includes the self-inductance Lag 


2 
3k2 


(Lim + Lor) (19) 


Loa = 


Considering the symmetry of the rotor windings, the mutual inductance is: 


1 
3k2 


2 
Lap = Lac = Laa cos * = (Lin + Lor) (20) 
by enabling concurrent regulation of both frequency and voltage utilizing bridgeless SEPIC-Cuk converter 
and CFLC, correspondingly, the speed of IM is regulated through keeping a steady voltage. 


4. RESULTS AND CONCLUSION 

Hence, this study presents an AC-DC Bridgeless SEPIC-Cuk converter to achieve increased PQ 
with unity PF. The recommended converter's functioning is regulated by an adaptive PI controller. The 
implementation of a CFL controller governs the speed of three-phase IM. To maximize its efficacy, the 
recommended approach is developed using the MATLAB platform and the corresponding waveforms are 
presented below. Table | represents the description parameters of presented model. Similarly, the IM 
specifications are listed in Table 2. 

Figure 6 depicts an illustration of voltage and input current supplied by the AC source. The 
magnitude of the voltage and current obtained from the alternating current mains is 10 A and 330 V, 
accordingly. The input AC voltage is provided to bridgeless SEPIC-Cuk converter, according to the 
Figure 7(a), the constant current 3.8 A is preserved after 0.4 sec with minor distortions. Similarly, the stable 
voltage 300 V is maintained with less distortions, which is denoted in Figure 7(b). 
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Table 1. Specifications of converter 
Bridgeless SEPIC-Cuk converter 


Parameter Values 
Input AC supply range (Vac) 180 — 270V 
Input power rating 1kW 
Output DC voltage range (Vpc) + 270—330V 
L,,L 1mH 
L3,Lo 3.7 mH 
C,, Cy 47 uF 
Co 570 uF 
Diode IN4148 
Switch IRF840 
Controller FPGA Spartan 6E 
Driver Circuit TLP250 


Table 2. Specifications of induction motor 
3 Induction motor 


Parameters Values 
Power 1Hp 
Speed 1390 rpm 
Voltage 415 V (AC) 


No.of poles 4 
Frequency 50 Hz 


INPUT AC VOLTAGE AND CURRENT WAVEFORM 


NA ANTIINNANI 
me NNUAL 


Figure 7. Waveform representation of BL SEPIC-Cuk converter (a) current and (b) voltage 


The primary goal of a system of regulation is to keep a constant PF under varying operating 
circumstances. Figure 8 shows that unity PF is reached promptly at 0.01 s. When a non-isolated bridgeless 
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SEPIC-Cuk converter is powered by an AC input voltage, a constant and regulated DC link output voltage of 
300 V is achieved employing the adaptive PI controller based PWM generator approach as presented in 
Figure 9. Figure 10 indicates the line-to-line inverter voltage waveform, from observation is it clear that the 
constant voltage 300 V is attained. According to Figure 11(a), the CFL establishes speed regulation in 0.01 s, 
whereas the PI controllers require further to achieve a constant speed of 1500 rpm. Likewise in Figure 11(b), 
the motor current initially increased in amplitude of 2.9 A, then rapidly decreased at 0.2 sec and maintained 
the constant value 0.98 A at 0.8 sec. 


POWER FACTOR WAVEFORM 
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Figure 8. Power factor waveform Figure 9. DC link voltage waveform 
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Figure 10. Inverter voltage waveform 
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Figure 11. Three-phase induction motor speed regulation using (a) CFL controller and (b) motor current 


The motor load waveform is represented Figure 12(a) the stable value is maintained after 0.3 sec. 
Figure 12(b) depicts the torque waveform of the three-phase IM. The torque waveform demonstrates that the 
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utilization of CFL reduces the fluctuations in the beginning phase and makes it steady at 0.4 s. The bridgeless 
SEPIC-Cuk converter, displayed in Figure 13, obtains a significantly reduced THD value of 2.81%. By 
reducing THD, power factor correction helps alleviate the stress related issues, extending the operational life 
of electrical devices. Moreover, THD reduction through power factor correction helps mitigate these voltage 
distortions, ensuring a stable and reliable power supply. 

Table 3 represents the comparison of proposed converter with different BL converter, such as BL- 
boost [22], BL- Cuk [23], BL-SEPIC [24] and BL-buck boost [25]. The corresponding plots are represented 
in Figure 14 respectively. By looking at the graph, it is obvious that the suggested BL SEPIC-Cuk converter 
has a high efficiency value of 96.8% and a low THD value of 2.81%. 


LOAD TO THE MOTOR INDUCTION MOTOR TORQUE WAVEFORM 
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Figure 12. Motor waveforms (a) motor load and (b) torque waveform of IM 
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Figure 13. THD waveform 
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Figure 14. Comparison analysis of efficiency and THD 
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Table 3. Comparison analysis of efficiency 
Converters Efficiency% 
Bridgeless boost [22] 71% 
Bridgeless Cuk [23] 93% 
Bridgeless SEPIC [24] 94.8% 
Bridgeless SEPIC-boost [25] 87.5% 
Bridgeless non isolated SEPIC-Cuk 96.8% 
CONCLUSION 


To address the power quality issues, this research develops an AC-DC bridgeless SEPIC-Cuk 


converters, the power quality at the input AC supply side has been improved and the converter has excellent 
dependability with less switching stress. The adaptive PI controller is implemented in this paper to preserve a 
steady DC link voltage with low fluctuations. The switching functionality of the three-phase VSI is regulated 
by the CFL controller, which also controls the speed of the three-phase IM. Implementing the recommended 
control method improves power quality by lowering THD considerably. The system that has been proposed is 
simulated in the MATLAB platform, and the results show that the proposed system is extremely has 
maximum efficiency value of 96.8% with a reduced THD value of 2.81%. 
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